Résumé. - Abstract. -We consider the various adsorption regimes of flexible polymer chains in a good solvent when the bulk concentration is changed. As the latter is increased, first we find a very dilute bulk regime where the surface coverage increases fast. This is followed by a plateau with much slower increase for 0393, the bulk solution being still dilute. In the bulk semi-dilute regime, we consider the adsorption of blobs. For high bulk volume fraction, ~b &#x3E; 03B44/3, where 03B4 is the dimensionless excess energy per monomer on the surface, the blobs are not adsorbed. The interfacial tension is calculated in the different regimes. Our approach closely follows the scaling theory of de Gennes and Pincus.
When the surface tension yp of a polymer melt is lower than the surface tension yo of a pure solvent, the macromolecules in a solution are adsorbed on the surface in order to minimize the surface tension [1] . Because both yp and yo are temperature dependent, it is possible to change the effective interaction between the polymer and the surface by varying the temperature. In principle, it might even be possible to invert the inequality between the surface tensions of the pure species and thus to have a repulsion of the polymer by the surface.
In this paper, we would like to look at the influence of the bulk concentration Cb on these surface effects in the attractive case. We only consider flat surfaces. Thus, possible curvature effects which may be present in a porous medium for instance are neglected. The typical experiments we have in mind are the adsorption of flexible chains on a solid surface or at a solvent/air interface. In the latter case local rugosity is neglected. Adsorption of macromolecules on a porous solid may also be included when the diameter of the pores is much larger than the radius of the polymers.
Polymer adsorption has been studied for a long time, mainly in a mean field approximation [1] . Recently, an analogy was made between polymer adsorption and surface effects in magnetic systems close to a critical point [2] [3] [4] . In this analogy, one considers the configurations of a flexible chain constrained in the vicinity of a surface, and more particularly of a polymer with one end attached on the wall. Among other results, it was shown that in the limit of an infinite chain, the adsorption threshold is related to the so-called special transition of the magnetic system, where both the surface and the bulk order simultaneously.
Another important result is that one has to distinguish two different cases [5] [6] [7] [2, 3, 9] . This may be realized for instance by attaching one end of the polymer to the surface. We assume the solvent to be good, and the surface to be impenetrable. Moreover every monomer on the surface is assumed to get an excess attractive energy (-kT8). For 8 smaller than 8c to be defined below, it has been shown that [2, 3] the number of monomers actually on the surface is N°, where cP is a cross-over exponent [5] [6] [7] , and cP = 3/5 for three dimensional systems [10] ii) The parallel extension Rn of the polymer in the adsorbing plane may be derived in the same way as above. We assume Noting that in the adsorbed range 5 N "' &#x3E; 1, the parallel radius is two-dimensional [11, 12] i) The repulsive part in the free energy, equation (21) (1) and (2) (1) and (2) . This leads to (see appendix A) :
where F 5 -13 is the fraction of adsorption blobs on the surface. The adsorption isotherm r (;P b) and the volume fraction profile 'P (z ) are plotted in figures 1 and 2 respectively.
The semi-dilute regimes.
We consider now solutions with bulk concentration cp b larger than the overlap concentration 'P -N -4/5. The concentration profile has already been studied in this regime by Eisenriegler [4] and by de Gennes and Pincus [9] . Because the bulk solution is semi-dilute, there is a screening length [17] : This is region (4) in the phase diagram of figure 3. (1) and (2) [4] Note however that these relations cannot be extrapolated to the melt case. Then cp (z ) = 1 for all values of z. In fact, we find that the adsorbed regime exists only as long as the central region discussed above exists. There is a cross-over to a non adsorbed regime when D --gb' Using relations (3) and (28) we find this cross over to occur for bulk concentration A direct way to show this is to compare the adsorption energy per blob and thermal energy for (Pb -Ob: where gb is related to Çb, relation (28) , by the usual relation [ll, 28] Combining these two relations gives relation (30). This is reminiscent of region DNA of figure 3 for a single chain, where although the polymer is not adsorbed, there is also a profile.
In the concentrated range cpb &#x3E; Ob of region SDNA of figure 3 , the surface may be called neutral.
For such small values of 5, even if the surface were repulsive instead of attractive, it would still be completely saturated with concentration blobs. In many respects, this region SDNA is reminiscent of a theta regime in bulk concentrated solutions [27, 28] . 4 . The surface tension.
The different regimes discussed above are summarized in figure 3 . Note that the lines in this figure correspond to cross-over rather than to sharp transitions. An important property of adsorbed polymers is to lower the surface tension yo of the solute. Let y be the surface tension of the solution. From general considerations [1] , one may write where y 1 is a free energy per unit area. From the last term, one gets the Gibbs relation [1] where gi and nt are the chemical potential and the number of molecules per unit area of species i. With the notation used previously, the last equation is where g is the monomer chemical potential.
Let us first consider the dilute regimes.
1. In regimes (1) and (2) [see Fig. 3 ], the free energy per unit surface is
Combining (11), (16) Figure 4 summarizes the dependence of the interfacial tension with bulk volume fraction. 
Conclusion.
We considered the adsorption of flexible polymer chains from a solution on a flat impenetrable surface. Different regimes appear when the bulk concentration is increased. They are summarized in figure 3 and are as follows :
i) In regimes (1) polymers will be desorbed after such dilution, and thus the concentration profile will be basically unchanged, the surface being in equilibrium with an extremely dilute bulk solution.
The plateau regime (3) is the most interesting experimentally, because it provides the most substantial difference between surface and bulk. It is possible to measure these profiles with neutrons [23] [24] [25] . Finally, we stress that we discussed equilibrium properties. These are usually rather long to reach [18] [19] [20] [21] [22] , with equilibration times of order day. A special difficulty concerns those polymers which are glassy at room temperature. Because the surface fraction is high, the superficial layer may be in a glassy state [26] , implying prohibitively long equilibration times.
We end by noting that although practical uses of adsorption imply a rather large value of 6 (6 1 
